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Background/Purpose: This study presents the results of structure validity tests of two measures of
mobility for healthy older people. The aim of this article is to analyze whether the results of the vali-
dation study by Avlund et al (Scand J Soc Med 1993;21:233e46; Eur J Public Health 1996;6:35e41) can be
reproduced in Germany and to explore whether fatigue as measured by one of the scales is predictive of
the need for help and nursing costs at 3-year follow-up.
Method: Data were collected between 2004 and 2007 from 1197 75þ-year-olds in southern Germany.
Mobility was measured by questions in relation to fatigue and need of help. Structural validity and
internal consistency was tested using the Rasch model for item analysis. The ﬁt of the Rasch model
was compared with latent class analysis (LCA) in order to explore whether the used scales produce
quantitative or qualitative data. The predictive validity of the scales was analyzed in relation to need
of help in mobility and costs to the nursing and health insurance systems in Germany at 3-year
follow-up.
Results: Two scales on mobility, one in relation to need of help (the Mob-H scale) and one regarding
fatigue (the Mob-T scale), were derived. The classes in the latent class solution differed in their sum
scores, so that the use of the sum score produced valid differences although the qualitative latent classes
showed a better model ﬁt than did the quantitative Rasch model. Furthermore, fatigue as measured by
the Mob-T scale turned out to be related to the development of dependency in mobility and to nursing
care costs at 3-year follow-up. Further, the strongest predictor of nursing care costs was need of help,
measured by the quantitative Mob-H scale.
Conclusion: The Mob-T and Mob-H scales developed in Denmark were reproduced in a German pop-
ulation, using the Rasch model for item analysis. Further, fatigue in mobility activities (Mob-T) was
predictive of need of help and nursing care costs at 3-year follow-up. These ﬁndings are substantial
because they suggest that it is highly relevant to put attention to fatigue in mobility in health care
programs with the aim of reducing health care and nursing costs.
Copyright  2012, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
Open access under CC BY-NC-ND license.LLC.1. Introduction
In gerontological research, the assessment of functional ability is
usually approached by measures of mobility and activities of daily
living (ADL), which include physical activities of daily living (PADL)
(e.g. feeding, dressing, bathing) and instrumental activities of
daily living (IADL) (e.g. housekeeping, transportation, shopping).1ilosophy and Theology, Pal-
Clinical Gerontology & Geriatrics. PDifferent types of ability measurements vary in their potentials,
e.g. to distinguish highly functioning older people from those with
poorer functioning, or to distinguish those with early signs of
disability from those with actual disability.2 Traditionally, most
employed measures identify persons with disability through
questions about need of help for PADL.3 However, thesemethods do
not discriminate within the better half of the functional spectrum.
Here, measures of mobility and IADL are more suitable.3 However,
using measures of IADL as a measure of functional ability among
the general population may also be problematic because most of
the IADLs are only performed by women.4 This suggests that, in
many of the IADL activities, disability is rather due to genderublished by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license.
Fig. 1. Questionnaire of functional ability.
A. Brühl, K. Avlund / Journal of Clinical Gerontology & Geriatrics 3 (2012) 29e3530differences than to actual functional limitations.5 Men may there-
fore get a low score if they receive help for IADL activities even
though they might be able to perform them themselves, and even
though they might be able to manage numerous other activities
without help.1,5,6 Therefore, it is recommended to focus on
measures of mobility if the aim is to develop valid and broad
measures of functional ability in well-functioning older adults.
Avlund et al7,8 developed a number of more sensitive scales for
measuringmobility. The scales were originally developed to be able
to show variations in mobility among the relatively well-
functioning older people.7,8 They are based on questions about
mobility and the categories used are: (1) could or could not manage
without help, and (2) with and without fatigue. Based on the Rasch
model for item analysis, two scales were derived, one scale in
relation to fatigue and one scale in relation to need of help7,8 (Fig.1).
The scales were tested for criterion-related validity,10e12 and
they had a strong discriminatory power among older people in the
general population.2 The scales were able to distinguish between
older persons with poor function and older persons with good
function and to describe different levels of disability, with the
fatigue scale being more suitable for measuring change among the
well-functioning older individuals and the dependency scale being
more suitable for measuring change among the poor functioning
older adults. The Avlund scales are therefore more sensitive than
other measures with regard to early decline in functional ability
among healthy elderly people.
The Avlund scales were tested for construct validity in a pop-
ulation of healthy 70-year-old7 and 75-year-old people8 in
Denmark, as well as in populations of 75-year-old study partici-
pants in Glostrup, Denmark, Gothenburg, Sweden, and Jyväskylä,
Finland13 by the Raschmodel for item analysis. The items in the twoFig. 2. Process chart of thsubscales (the Mob-T scale and the Mob-H scale) were homoge-
neous in relation to age, gender, household composition, and self-
rated health.7,8
The content validity of the scales is high because the included
activities and categories can be said to be meaningful to all people.
In a study on content validity,9 it was found that all the included
questions about mobility in relation to need of help and fatigue
were relevant and well known to nearly all participants.
Reliability tests on the functional ability scales showed agree-
ment from 94.3% to 1.0% and kappa values from 0.72 to 1.0 for the
included items on intra-rater and inter-rater tests.9 Further,
mobility as measured by the scales was strongly associated with
isometric muscle strength (p< 0.01 in relation to hand grip, arm
ﬂexion, knee extension, and body extension), simple function tests
(p< 0.05 in relation to walking speed and step test) and postural
balance (p< 0.05 in relation to tests for speed of anteroposterior
and mediolateral movement of the center of pressure and mean
moment of velocity).9
However, it is not known whether the scales are applicable to
a non-Nordic population. Furthermore, it is unclear how the scales
will function in a population older than 75 years.
The ﬁrst aim of this article is to analyze whether the results of
the validation studies by Avlund et al7,8 can be reproduced in
a German population of older people, aged 75e99 years. The
second aim is to explore whether fatigue as measured by the scales
are predictive of need of help and nursing costs at 3-year follow-up.
2. Methods
2.1. Study population
The present investigation is based on data obtained from the
longitudinal study of the 75þ-year-old healthy members of the
Bosch employer-based insurance company. “Healthy” was deﬁned
by the absence of dementia and not having caused expenditures
within the company’s nursing care insurance in 2003/2004.
Drawing on the evaluation of the primary prevention project
“mobil” conducted in 2004, we used the answers of 1197 inter-
viewees to validate the questionnaire of functional ability.
The present article describes data collected by the Bosch
employer-based insurance company in cooperation with the
German Institute of Applied Nursing Research and the ﬁrst author.
In total, 2000 members of the employer-based health insurance
company were addressed with the questionnaire on mobility; 1352
75þ-year-old persons answered the questionnaires (745 aged
75e80 years, 548 aged 81e90 years, 59 aged 90þ years). The study
population was furthermore restricted to 1197 persons, i.e., those
who also took part in the follow-up study in 2007 (Fig. 2).
Mobility was measured by the original six items of the Avlund
scales (Fig. 1). Avlund et al7,8 calculated one subscale for thee study population.
Fig. 3. Empirical values and theoretically expected values.
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fatigue/tiredness items (the Mob-T scale). The scales count the
number of items where the interviewee’s mobility is not reduced.
Thus, a high scale value equals better function, whereas a lower
scale value describes poorer function.2.2. Construct validation: structure and internal consistency
First, we used the Rasch model14,15 to test the structure and
internal consistency of the Avlund scales in the German data set.
The basic idea of the Rasch model is that if the items are valid, only
the item difﬁculty and the ability of the study participants deter-
mine the answers. This means that the response patterns are
homogeneous across items and individuals. In this way we tested
whether the items belong to the same dimension and whether the
integration of different items into one scale is supported by
unidimensionality of the measured construct. Analyses were per-
formed separately for the Mob-T and the Mob-H scales.
Second, we used a latent class analysis (LCA). It is a popular
alternative probabilistic test model, differing from the Rasch model
only in the scale level of the so-called latent variable, in this case
“fatigue” and “need of help”. This offers the advantage that one can
determine, by means of the values of the likelihood functions,
whether a given test measures a qualitative (LCA) or a quantitative
(Rasch) variable.2.3. Rasch model
For the purposes of the present study, the Rasch model for
dichotomous items was used.16 The probability (Pr) of a result (x) in
answering an item (i) should only depend on the ability b of
a person (v) and the difﬁculty d of the item. The probability toTable 1
Mob-T model tests: goodness-of-ﬁt statistics
Estimated model Saturated model
Likelihood ratio test of the Rasch against the saturated modela
Log likelihood 1497.58 1362.97
Number of parameters 7 63
Likelihood ratio test of the LCA against the saturated modelb
Log likelihood 1378.51 1362.97
Number of parameters 34 63
LCA¼ latent class analysis.
a Likelihood ratio¼ 269.23, df¼ 56, p¼ 0.000.
b Likelihood ratio¼ 31.08, df¼ 29, p¼ 0.36.receive a result 1 for an item i and a person v can be calculated by
the following formula (with e¼ 2.718.)
Prfxvi ¼ 1g ¼
ebndi
1þ ebndi
The probability to receive a result 0 for an item i and a person v
can be calculated by the following formula:
Prfxvi ¼ 0g ¼
1
1þ ebndi
A validity test using the Rasch model deﬁnes the following
postulates:
(1) a good scale should permit comparisons between two study
members without considering the speciﬁc question. This
means that any two study members can be compared,
regardless of which other study members are included in
the study and regardless of the questions selected for
comparison;
(2) if single items are summarized to total scores, the response
patterns to the single items should not differ in any total score
value. This means that if two persons obtain the same total
score, they have the same response patterns and, consequently,
the same ability;
(3) an item is considered unbiased if all individuals, at a given level
of the underlying ability, have an equal probability of
responding to a given item in a speciﬁc way, regardless of
indicators like gender, age, number of persons in household,
and self-rated health.
These three requirements form the basis for testing construct
validity by means of the Rasch model.
2.4. LCA
We do not know whether we create a quantitative unidimen-
sional variable, like the Rasch model assumes, or a purely qualita-
tive variable lining up characteristics to form response patterns for
dichotomous items.
In LCA, each case is assigned to a certain class “g” with a certain
probability. A class is deﬁned by unique patterns of answers. With
six dichotomous questions, there are 26¼ 64 possible answer
patterns. The total number of classes is named ‘‘G’’. In LCA, similar
to the Rasch model, the model criteria are the following: (1) the
probability with which a certain item within a class of study
members arises is constant within the same class; (2) each study
Fig. 4. ‘‘Solution’’ probabilities for six Mob-T items in ﬁve different classes.
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one variable, i.e., fatigue in mobility; (4) each item can occur
together with every other item.
If these four criteria are fulﬁlled, then the test model of the LCA
can be computed. The classes are represented as concrete vectors x
(¼ patterns of items) and its probability p(x ) computed as follows:
p

x
 ¼
XG
g¼1
pg
YK
i¼1
pxiig

1 pig
1xi
with “g” being the different classes, p marking the probability
either of a class g or of one item i in a class g and xi the ith item of an
item pattern. This is multiplied across all K items and summed in all
G classes.
If you have, for example, six items with two response possibil-
ities, there are 26¼ 64 possibilities of producing response patterns
that build the so-called “classes”. A latent class model with 64
“classes”, like in this case, would be a so-called “saturated model”.Fig. 5. Five classes: sizes and sum scores for Mob-T.Every pattern that can possibly exist is included in this model. We
tested the possibility to ﬁt models with less parameters (less than
64 classes) and compared their ﬁt to the empirical data with the ﬁt
to the Rasch model, which deals only with sum scores.
2.5. Hypothesis
The hypothesis wewanted to prove to be false is: the latent class
model produces a better ﬁt of the empirical data to the theoretical
measurement model than the Rasch model. The Rasch model
provides a higher degree of information reduction because it uses
the sum scores of persons over all items to explain the empirical
data. If the LCA models ﬁt the empirical data better than the Rasch
model, then the information gained from the Avlund scales would
be both qualitative and quantitative. This means that in addition to
summing the scores across all items, the different item patterns
have to be taken into consideration.
2.6. Estimation of model parameters and test statistics
Different methods were used for likelihood estimations of the
compared models: the item parameters were estimated by means
of the conditional maximum likelihood method17 and theTable 2
Mob-H model tests: goodness-of-ﬁt statistics
Estimated model Saturated model
Likelihood ratio test of the Rasch against the saturated modela
Log likelihood 1562.39 1448.83
Number of parameters 7 63
Likelihood ratio test of the latent class analysis with six classes against the
saturated modelb
Log likelihood 1464.25 1448.83
Number of parameters 41 63
a Likelihood ratio¼ 227.12, df¼ 56, p¼ 0.000.
b Likelihood ratio¼ 30.84, df¼ 22, p¼ 0.09.
Table 3
Classiﬁcation table explaining mobility helpa
Observed (%) Expected (%)
Mobility help 2007 Percentage
correctly
classiﬁed
No mobility
help needed
Mobility
help needed
Step
1
Mobility help
needed 2007
No mobility
help needed
381 59 86.6
Mobility help
needed
104 100 49.0
Total percentage 74.7
a The partition value is 0.500.
Table 5
Classiﬁcation table: care costs (yes/no) in 2007a
Observed (%) Expected (%)
Care costs 2007 Percentage
correctly
classiﬁed
No Yes
Step 1 No 557 13 97.7
Yes 49 32 39.5
Total
percentage
90.5
Step 2 No 552 18 96.8
Yes 47 34 42.0
Total
percentage
90.0
Step 3 No 550 20 96.5
Yes 42 39 48.1
Total
percentage
90.5
a The partition value is 0.500.
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Rasch models were estimated using the unconditioned maximum
likelihood.17 The likelihood of the LCA was estimated using the
Expectation-Maximization algorithm.17
We compared the likelihood of the Rasch and the latent class
models with the saturated model. The saturated model produces
a perfect explanation of empirical data and uses as much parame-
ters as independent data exist. If you compare more restricted
models like the Rasch model with the saturated model, then there
should be no signiﬁcant difference between the models.
To test the signiﬁcance of the difference we used the twice
negative logarithm of the likelihood ratio which is c2 distributed.
High c2 values indicate great differences between the tested and
the saturated models. This means that the tested models do not
explain the empirical data. To test the Rasch and the latent class
models, the authors used two different computer programs,
namely WINMIRA17 and RUMM2020.18
2.7. Predictive validity
Binary logistic regression was conducted to examine the asso-
ciation between fatigue (Mob-T) at baseline and need of help at 3-
year-follow-up, adjusted for covariates. A binary regression model
as a multivariate analysis is a special case of a generalized linear
model for dichotomous dependent variables. In this case, it was
used for prediction of the probability of occurrence of a higher
dependency score by ﬁtting data to a logit function. Logistic
regression generates B weights and a constant. They are used to
calculate the logits, which are comparable to scores. The logits are
odds ratio transformations by the natural logarithm for the cate-
gory. The percentage contrasts the empirical data with the calcu-
lated probabilities in each category of the dependent variable. The
associations between fatigue at baseline (Mob-T) and the nursing
care costs were calculated by a regression model (Table 4).Table 4
Multivariate analyses of the association between fatigue (Mob-T) and need of help
(Mob-H) at 3-year follow-upa
Regressions
coefﬁcient B
Standard
deviation
Wald df Signiﬁcance Exp(B)
Mob-T 2004 0.154 0.065 5.709 1 0.017 0.857
Gender 0.317 0.210 2.280 1 0.131 0.728
Persons in household
2004
0.012 0.188 0.004 1 0.948 0.988
Age 0.111 0.028 15.208 1 0.000 1.117
Self-rated health
phys. (SF12 -
2004)
0.068 0.013 25.971 1 0.000 0.934
Self-rated health
psych. (SF12-
2004)
0.026 0.011 5.675 1 0.017 0.974
Constant 4.896 2.505 3.821 1 0.051 0.007
a Dependent variable: Mob-H in 2007.3. Results
The ﬁrst results regard the Mob-T scale. A closer examination of
the single items revealed that ﬁve out of six items in the Mob-T
scale were valid from a Rasch point of view, and one item
produced considerable differences between expected and observed
values (ﬁt residuals exceeding four).
Fig. 3 shows the empirical values as points and the theoretically
expected values as a line. It is obvious that “walking outdoors in
nice weather-getting tired” (I0005) was a problematic item in the
Mob-T scale. The difﬁculty of the item (0.9) was higher than the
average person ability (person location¼ 0). The increase of solving
probability in the upper half of the person location was larger than
it should have been had the Rasch model ﬁt the data.
If we look at the model ﬁt of the Mob-T scale, the saturated
model was compared to the Rasch model and to the LCA. A statis-
tically signiﬁcant difference for the Mob-T scale became apparent
when the differences between the log likelihood of the Rasch
model were compared to the log likelihood of the saturated model
(Table 1). The very high likelihood ratio of 269.23 with 56 degrees
of freedom (df) indicates a very low probability (p¼ 0.000) that the
H0-Hypotheses of the saturated model and the Rasch model being
not signiﬁcantly different is true.
A likelihood ratio of 31.08 with 29 df produces a probability of
0.36 for the H0-Hypotheses of no difference between the latentFig. 6. 95% conﬁdence interval: care costs from April 1, 2006 to March 31, 2007.
Fig. 7. 95% conﬁdence interval: care costs from April 1, 2006 to March 31, 2007.
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LCA and the saturated model was not signiﬁcant for the Mob-T
scale.
The Rasch model showed less ﬁt in comparison to the model of
LCA with ﬁve classes in the Mob-T scale.
The ﬁve different classes in the Mob-T scale were characterized
by different probability values of the single items. If a person was
still able to “walk indoors” but answered “yes” to the question “do
you get tired by walking indoors”, then the person got tired doing
the activity. The distinction between those with and without
fatigue was made by the answer to the questions “do you get tired
while you walk indoors”, ‘‘.transfer”, ‘‘.get outdoors”, “.stairs”,
“.walk outdoors in good weather”, and “.walk outdoors in poor
weather”. The persons were still able to perform the activity but
they became tired. The ﬁve classes (Fig. 4) differed in the proba-
bility for getting tired in the different activities. As shown in Fig. 4,
the large majority of persons in classes one and two were not
fatigued, participants in class three felt fatigued when climbing
stairs and walking outdoors but not when they walked indoors,
participants in class four were fatigued in nearly every activity, and
persons in class ﬁve felt fatigued when climbing stairs.
The most frequent classes were one and two (Fig. 5). There was
a large difference between the sum scores of the ﬁve classes (Fig. 5).
Therefore, although the Raschmodel had a lowermodel ﬁt, the sum
score of the Mob-T scale was able to distinguish valid groups of
different fatigued healthy older people. The second column of
results regards the Mob-H scale, which was calculated from six
pairs of items related to need of help/no need of help. Within the
Mob-H scale, the LCA with six classes also had a better ﬁt than the
Rasch model (Table 2).
Class solutions produced a better model ﬁt than the Rasch
model does.Table 6
Multivariate analysis of the association between need of help (Mob-H) and care costs in
Regressions coefﬁcient B St
Step1 Mobility help 2007 0.767 0
Constant 1.392 0
Step 2 Persons in household 1.034 0
Mobility help 2007 0.784 0
Constant 3.095 0
Step 3 SF 12 phys. 2004 0.040 0
Persons in household 2004 1.041 0
Mobility help 2007 0.719 0
Constant 4.342 0
a Dependent variable: care costs in 2007.The six classes in the Mob-H scale differed in the probability
with which help is needed in the speciﬁc items: persons in class
one and two were not dependent in any of the activities; partici-
pants in class three needed help while walking outdoors in poor
weather; persons in class four had problems when walking
outdoors in good and in poor weather; participants in class ﬁve had
problems getting outdoors, walking stairs, as well as walking
outdoors in good and in poor weather; and persons in class six had
problems getting outdoors but not in walking outdoors.
The adjusted results of the predictive validity of the Mob-T scale
revealed that fatigue in 2004 was signiﬁcantly related to need of
help (Mob-H) (Tables 3 and 4) and to nursing care cost (Table 5) at
3-year follow-up.
These ﬁndings were signiﬁcant when using the cutpoints:
manage all activities without fatigue versus fatigue in at least one
activity. However, the qualitative ﬁve classes of the Mob-T scale did
not work in the model, in that using the full scale and the ﬁve
classes of different combinations of answers in 2004 did not show
clear differences in care costs in 2006/2007. The costs in the fourth
class are the highest, but the variance is very wide, so that the
difference is not signiﬁcant. Furthermore, the strongest predictor of
care costs at 3-year follow-up was need of help at baseline,
measured by the quantitative Mob-H-scale. The dichotomous scale
and the classes did not contribute to the prediction model of
dependency (Figs. 6 and 7, Table 6).4. Discussion
The present study shows that the sum scores of two scales on
mobility developed in a Danish population are also applicable to
a German sample. It is highly interesting that this scale has proven
its scalability in a German population. The developed mobility
scales thus seems not only to function in a local Danish setting. This
suggests that the developed mobility scales can function in
different cultures and countries, and thus that they reﬂect general
measures of mobility.
Mobility is considered a basic prerequisite to perform more
speciﬁc activities. Other studies have shown that those with
restricted mobility at baseline had a higher prevalence of experi-
encing difﬁculties in ADL later on21 and signiﬁcantly higher rates of
both institutionalization and mortality than those who were
mobile.21 The ability to remain mobile is fundamental to overall
functioning and plays an important role in the performance of
complex strenuous activities such as shopping, housekeeping, and
food preparation.
Mobility seems to be a qualitatively standardizable construct.
The class solutions always showed a better ﬁt than did the quan-
titative sum score-oriented Rasch models. The class solutions
produced great differences in their sum scores. This means that it is
possible to use the scales both as sum scores and to use them to2007a
andard deviation Wald df Signiﬁcance Exp(B)
.070 120.940 1 0.000 0.464
.306 20.643 1 0.000 4.021
.286 13.045 1 0.000 0.356
.072 118.064 1 0.000 0.456
.581 28.392 1 0.000 22.087
.016 6.693 1 0.010 0.960
.288 13.096 1 0.000 0.353
.074 93.397 1 0.000 0.487
.766 32.098 1 0.000 76.847
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viduals who are beginning to develop functional problems.
Another major ﬁnding is that fatigue (Mob-T) is predictive of
need of help and nursing care costs at 3-year follow-up. This
supports ﬁndings based on data from the Nordic countries that
fatigue in daily activities predicts onset of functional limitations19
and disability,20 use of social and health services,21 as well as
mortality.22 This has been shown among the young older adults,
among men and women, and among older adults in different
populations, i.e., in different counties in Denmark and in Jyväskylä,
Finland.
The Rasch model offers a good possibility to examine whether
a quantitative measurable construct exists. The question is,
however, whether the test procedures used here also enable
a locking evaluation of the scales. LCA is a good alternative to the
Rasch model; however, it increases the resulting complexity,
without potentially being criterion-referred from use.
5. Conclusion
The study has revealed two main conclusions: ﬁrst, that the
Danish validation study by Avlund et al7,8 has been reproduced in
a German population, and second, that fatigue in mobility activities
(Mob-T) is predictive of need of help and nursing care costs at 3-
year follow-up. These ﬁndings are substantial because they
suggest that it is highly relevant to put attention to fatigue in
mobility in health care programs with the aim to identify those still
healthy older individuals who are beginning to develop functional
limitations and disabilities.
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